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Chapterr 2 

Abstract t 

Backgroundd & Aims: Interleukin-K) (IL-10) exerts anti-inflammatory actions by 

counteractingg many biological effects of interferon y (IFN-y). To investigate this in 

humanss we studied the effects of human recombinant IL-10 administration on IFN-y 

productionn by patient leukoevtcs. Furthermore we assessed the IFN-y-inducible molecule 

neoptennn and nitrite /nitrate serum levels, which are indicative for endogenous nitric 

oxidee (NO) formation. 

Methods:: As part of two placebo-con trolled double blind studies we analyzed 

patientss with chronic active Crohn's Disease (CACD) who received either subcutaneous 

recombinantt human IL-10 (rIL-10) (n=44) or placebo (n=10) dailv for 28 days, and 

patientss with mild to moderate CD (MCD) treated with either subcutaneous IL-10 

(nn = 52) or placebo (n=16) daily for 28 days. Neopterin and nitrite /ni trate concentrations 

weree measured in serum and ex vivo IFN-y formation by lipopolysaccharide- or 

phytohemagglutininn (PHA)-stimulated whole blood cells were inyestigated before, during 

andd after IL-10 therapy. 

Results:: In patients with CACD, the highest used dose of 20 u.g/kg IL-10 caused a 

significantt increase of serum neopterin on davs +15 and +29 of therapy as compared 

withh pretreatment levels. No changes were observed for nitrite/nitrate levels under either 

condition.. In MCD, treatment with 20 ug/kg IL-10 resulted in a significant increase of 

PHA-inducedd IFN-y production. 

Conclusions:: High doses of IL-10 uprcgulatc the production of IFN-y and 

neopterin.. This phenomenon may be responsible for the lack of efficacy of high doses of 

IL-100 in the treatment of CACD and MCD. 
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Introductio n n 

Interleukinn (IL)-I O is secreted by several cell populations including T helper cells (Th), 

monocytes/macrophages,, dendritic cells, B cells, and keratinocytes.1 This cytokine 

suppressess inflammation by various mechanisms, including reduction of MHC class II 

expression,, decreasing T cell secretion of IL-2, and dirriinishing the production of IL-1 a, 

IL- lp ,, tumor necrosis factor a (TNF-oc) and IL- 8 by activated monocytes/macrophages.1 

Gene-targetedd IL-10-deficient mice develop transmural inflammation of the small and 

largee bowel, reminiscent of Crohn's disease." This tvpe of inflammation is aggravated bv 

thee presence of bacteria within the gut lumen, and can be prevented bv administration of 

IL-10.. Administration of IL-10 ameliorates inflammation in several other animal models 

nott only limited to the gut.' These data together suggested that IL-10 is a promising 

cytokinee for treatment of inflammatory diseases. However, the clinical efficacy of 

recombinantt human (r)IL-10 in the treatment of Crohn's disease has been 

disappointing.'' 4 In both animal models and in endotoxin-challenged volunteers, 

administrationn of rIL-10 caused a significant reduction of TNF-a production.' However, 

wee have reported that in contrast to results obtained in various animal models, 

administrationn of rIL-10 in endotoxin-challenged volunteers caused an increase of the 

productionn of interferon y (IFN-y).5 

Thee circulating concentrations of IFN-y and neopterin are increased in patients with 

activee Crohn's disease (CD), and correlate with clinical disease activity, as measured by 

thee CD activity index (CDAI) / Neopterin, a pyrazino-pyrimidino dcrivate, is mainly 

producedd by monocytes/macrophages under the control of IFN-y, and has thus turned 

outt to be a valuable in vitro and in vivo marker for monitoring cell-mediated immune 

functionn and IFN-y activity/'" In addition, IFN-y, in combination with pro-inflammatory 

cytokiness such as TNI ' -a and IL-1J3, stimulates synthesis of inducible nitric oxide 

synthasee (iNOS), thereby increasing nitric oxide (NO) production." 

Thee present studies were designed to assess the impact of rIL-10 on monocyte and 

TT cell activity by (i) investigating serum levels of neopterin and nitrite/nitrate, the stable 

endproductss of N O in serum/"J in patients with chronic active steroid-unresponsive CD 

(CACD)) and by (ii) studying ex vivo production of TNF-a and IFN-y in patients with 
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mildd to moderately active CD (MCD). The analyzed patients were part oi two large, 

double-blindd randomized multicenrer collaborative trials for studying the therapeutic 

effectss of rl l.-I O in CACD and MCD.'14 

Materialss and Methods 

Pat ient s s 

Twoo multicenter, randomized, double blind, placebo-controlled smdies were conducted 

inn patients witb CACD and MCD (for details see 1'edorak and colleagues' and Schreiber 

andd colleagues4). In the CACD trial, patients were included if they had active steroid-

resistantt CD involving the colon or both the ileum and colon, with or without external 

fistula.. Active disease was defined as having a CDAI of 200-400 despite treatment with 

prednisonee (1(1 to 40 mg/day for at least 3 months) given alone or in combination with 

6-mercaptopurinee or azathioprine prior to the study. These therapies had to be continued 

duringg the srudv. Patients were allowed to take aminosalicylates and/or antibiotics, 

providingg that the used dosages were kept stable during the study. Patients with CACD 

weree randomly assigned to receive one of four doses (1, 4, 8, and 20 fig/kg body weight) 

off  rIL-10 (Schering-Plough, Kemhvorth, N|) or placebo once daily subcutaneouslv for 28 

consecutivee davs. A total of 329 patients were included in the study. After the 28-days 

treatmentt period patients were followed up for 4 weeks. 

Inn another study of similar design patients with MCD were enrolled. Patients were 

eligiblee if CDAI was 200-350, and the disease involved the ileum and/or colon. 

Concurrentt or recent treatment with corticosteroids (last dose 30 days) or 

immunosuppressivess (up to 90 days) was not allowed. Systemic aminosalicylates and its 

topicall  use had to be discontinued prior to initiation of study medication for at least 24 

hourss or 14 days, respectively. In this study, one of four doses (1, 5, 10, 20 p-g/kg body 

weight)) of rIL-10 or placebo was administered once daily subcutaneouslv for 28 

consecutivee davs. A total of 95 patients were treated (rIL-10, n: : :72; placebo, n=23) with 

aa follow-up of five months. 
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Measuremen tt  o f neopteri n and nitr i te/nitrat e in C A C D patient s 

Thee analyzed patients were part of the international collaborative trial described above. 

Serumm levels of neopterin and nitrite /nitrate were analyzed in 10 patients treated with 

placebo,, 12 patients treated with 1 ^g/kg, 12 patients treated with 4 ug/kg, 10 patients 

treatedd with 8 jag/kg and 10 patients treated with 20 j^g r IL-10/kg body weight 

subcutaneouslv.. Serum levels of neopterin and nitrite/nitrate were determined on days -

1,, +15 and +2(J of therapv and after four weeks of follow-up. Neopterin levels were 

assessedd bv a specific F'.LISA (Brahms, Berlin, Germany). 'Hie detection limi t for 

neopterinn was 3 ntnul/1 and normal values -are below 8 nmol/1/' For determination of 

nitrite/nitratee levels samples were deproteinized bv sulfosalicylic acid and neutralized 

withh NaOH. After enzvmaric reduction of nitrate to nitrite using nitrate reductase 

(Sigma,, Munich, Germanv) total nitrite concentration was determined 

spectrophotometricallvv after addition of the Griess Ilosvay's reagent (Merck, Darmstadt, 

Germanv).'' Sodium nitrite served as standard. The detection limi t for nitrite/nitrate was 

11 u.mol/1. 

Assessmen tt  o f whol e bloo d cel l synthesi s of IFN-y and T N F - a in M C D 

patient s s 

AA total of 68 patients who all completed the trial were studied (placebo, n=6; 1 ^g/kg, 

n=15;; 5 ^g/kg, n=12; 10 ^g/kg, n~12 and 20 fig/kg, n -13 ). Venous blood was 

asepticallvv collected in endotoxin-free hepannized tubes (final heparin concentration 10 

1.7mll  whole blood) and immediately aliquots of 2.5 ml of blood were mixed with 25 p.1 

phvtohemagglutininn (PFIA) (final concentration S fig/ml, Mures Diagnostics Ltd., 

Dartford,, England) or with 25 u.1 lrpopolvsaccharide (LPS) (final concentration 10 ng/ml, 

E.. coil tvpe 055-B5). As a negative control, 2.5 mi of blood was added to 25 JJ.1 

Polvmvxinee B (1 mg /ml endotoxin-free buffered saline). Al l samples were incubated for 

244 hours at 37°C. After incubation the samples were centrifuged at lOOOg for 30 minutes 

att 4°C and platelet poor plasma was stored at -70° until analysis. TNF-a and IFN-y levels 

weree assessed bv specific FT ISA's (OJ.B, Amsterdam, The Netherlands). The detection 

limi tt for TNF-a was 1 pg/ml and for IFN-y 7.4 pg /ml and normal values (heparinized 

plasma)) are below 5 pg /ml and 10 pg/ml, respectively. TNF-a and IFN-y were 
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Chapte rr  2 

Tab l ee I Se ru m level s o f n i t r i te /n i t ra t e 

Serumm levels of nitrite/nitrate (umol/l) in patients with C A C D treated with either placebo 

(n=IO),, or recombinant human IL-IO at I (n=l2) , 4 (n=l2), 8 (n= 10) or 20 (n=IO) ug/kg body 

weightt subcutaneously over 28 days. 

Grou p p 

Placebo o 

11 ug/kg 

44 ug/kg 

88 ug/kg 

200 ug/kg 

Day- I I 

31.66 6 

29.66  4.0 

46.00  9.6 

38.00  6.4 

34.44  6.0 

Dayy +15 

32.44  4.0 

38.44  10.6 

46.88  0.4 

38.88  5.2 

39.66  8.0 

Dayy +29 

30.44  3.2 

22.88  3.2 

43.6++ 10.8 

47.66  8.8 

46.0++ 11.6 

pp value * 

0.79 9 

0.27 7 

0.79 9 

0.50 0 

0.29 9 

Follow-u pp wk 4 

36.44  4.8 

28.00  3.6 

38.00 + 8.0 

40.00  5.2 

32.88  6.8 

Dataa are presented as mean  SEM. 

^Statisticall analysis was done using A N O V A . 

determinedd prior to administration of rIL-10 on day + 1, on dav +K (only TNF-ot levels 

assessed)) and 24 h after the last dose of study medication on dav +29. 

Sta t i s t i ca ll  analysi s 

Statisticall  analysis was done using the non-parametric comparison according to Ivruskal-

Walliss and Friedman. ANOV A analysis and the Friedman test were used to allow for 

comparisonn within groups for the CACD study and MCD study, respectively, ' l l i c 

Wilcoxonn signed rank test was used for comparison within groups. Correlation analysis 

herweenn neoptenn/cytokine values and clinical response was performed bv applying the 

Pearsonn correlation test. Data are presented as mean  SHM. A two-tailed p-value of less 

thann 0.D5 was considered to represent a significant difference. 
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Figur ee I Serum neopterin levels in patients wi th C A C D treated with placebo (n=IO), or 

recombinantt human interleukin IO at I (n= 12), 4 (n= 12), 8 (n=IO) or 20 (n=IO) f-ig/kg body 

weightt subcutaneously daily over 28 days. Data are individual values/ mean. * p<0.05 and 

*** p<0.005 compared with pretreatment levels; A N O V A analysis. 

Results s 

C A C DD stud y 

Patientss who received placebo, I u.g/kg or 4 u.g/kg body weight rIL-10 subcutaneously 

showedd no change in serum neopterin values over the observation period. A dose level 

off  8 ug /kg body weight rIL-10 caused a slight, but nonsignificant increase of neopterin 

levelss on day +15 (8.1  0.9 mmol/1) and day +29 (8.4  0.9 mmol/1; p=0.07) of therapy 

ass compared with pretreatment concentrations (6.6 i 0.6 mmol/1) (figure 1). I his 

increasee was more pronounced and highly significant when patients received rIL-ll ) at 

thee highest dose (20 ug/kg body weight). Neopterin levels then increased from 7.5 + 0.5 

mmol/11 at baseline to 13.7+ 1.7 mmol/1 (p<0.00.V) on day - 15 and to 10.4  1.4 mmol/1 

(p<0.05)) on day +29. During follow-up (four weeks after end of therapy) neopterin 

concentrationss returned to baseline levels (figure 1). 
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Figur ee 2 Whole blood cell culture plasma levels of tumour necrosis factor « (TNF-o.) after 

lipopolysaccharidee stimulation in patients with mild to moderately active Crohn's disease treated 

withh placebo (n= 16). or recombinant human interleukin 10 at I (n=l5), 5 (n=l2) , 10 (n=l2) or 

200 (n= I 3) ug/kg body weight subcutaneously daily over 28 days. Data are shown as individual 

values// mean. * p<0.05 compared with pretreatment levels. 

Prerrcarmcnrr neopterin levels in all parienrs (n—54) were 7.9  0.5 mmol /l (nor 

significantlyy increased as compared with healthy controls).' Vie observed no correlation 

betweenn increased neopterin svnthesis and clinical response to cIL-10 treatment. 

Theree were no significant changes in serum nitrite/nitrate levels ar any dose level 

studiedd during the observation period in anv treatment group. However, at the end of 

therapyy (dav +29) patients receiving higher doses of rIL-10 (20 u-g/kg body weight) 

presentedd with higher nitrite/nitrate levels than patients receiving lower rIL-10 doses or 

placeboo (table 1). 

M C DD stud y 

Incubationn of whole blood for 24 h with the negative control polymyxin B resulted in 

virtuallyy no l IN - y and TNF-ot production (data not shown). In the placebo group, 

incubationn with LPS caused increased TNF-a production, and no significant change over 
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Figur ee 3 Whole blood cell culture plasma levels of tumour necrosis factor a (TNF-a) after 

phytohaemagglutininn stimulation in patients with mild to moderately active Crohn's disease 

treatedd with placebo (n=l6) , or recombinant human interleukin 10 at I (n=l5) , 5 (n=l2) , 10 

(n== 12) or 20 (n= 13) ug/kg body weight subcutaneously daily over 28 days. Data are shown as 

individuall values/ mean. 

rimerime was observed (figure 2). Treatment with rIL-10 resulted in a strong, dose-

dependent,, inhibition of LPS-induced TNF-ot release (l [Xg/kg, NS; 5 Ug/kg, p=0.009; 10 

ug/kgg p-0 .028; 20 ug /kg p=0.008) (figure 2). In the placebo group, incubation of whole-

bloodd with PHA induced TNF-ot production and again no significant change over rime-

wass observed (figure 3). Treatment with rIL-10 however resulted in a slight but non-

significantt increase of T N F -a production in the higher dose groups (figure 3). Levels of 

LPS-inducedd IFN-y production were low on both day + I and +29 in all groups (data not 

shown).. However, high rIL-10 doses (20 Ug/kg) significantly increased PHA-induced 

U NN v production at day +29 (p=0.028) (figure 4). 

Whenn correlating PHA-induced IFN-y production and clinical response, we found 

thatt I IN- y production was lower in responding patients (data not shown), but the effect 

didd not reach staustical significance. There was however no correlation between LPS-

inducedd TNF-a values at days --8 and - 29 and clinical response. 
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Figur ee 4 Whole blood cell culture plasma levels of interferon y (IFN-y) after phyto 

haemagglutininn stimulation in patients wi th mild to moderately active Crohn's disease treated 

withh placebo (n=l6) . or recombinant human interleukin 10 at I (n= l5) . 5 (n=l2) , 10 (n= 12) or 

200 (n=l3) jig/kg body weight subcutaneously daily over 28 days. Data are shown as individual 

values// mean. * p<0.05 compared with pretreatment levels. 

Discussion n 

IL-100 is an important negative regulator of cell-mediated immunity.' In many animal 

models,, IL-10 has been shown to inhibit IFN-y secretion from activated Thl cells and 

NKK cells and antagonize the effects of IFN-y towards target cells such as 

macrophages.. ' In mice, the immunoregulatorv roles of IL-10 however appear to 

bee complex. Murray et . / /have shown that IL-10 transgenic mice are unable to clear 

mycobacteriall  infection." In this study, excess administration of IL-10 did not inhibit T 

celll  responses to mycobacteria and IFN-y production in these mice.1' This study 

suggestedd that rJL-10 enhances IFN-y production by antigen specific Thl cells and /or 

nonspeciticallyy by natural killer cells under chronic mflammarorv conditions, 

lur thcrmore,, several studies indicate that II.-10 may act as an immunostimulatorv 

agent.""  In mice with graft-vcrsus-hosr-disease (GVHD) IL-10 administration dose-

dependenihh decreased survival. Perrit et al demonstrated diat proliferation of IL-2-
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activatedd natural killer cells is enhanced by IL-10, and the production of Il'~N-y and 

TNI ; -aa bv IL-2-activated natural killer cells is significantly stimulated by IL-10. '' More 

importantly,, Shibita et a! recently showed that II..-10 may enhance IFN-y production by 

naturall  killer cells.1 

Inn humans, rl l.-l O can also have a dual role. We have previously reported that in low-

dosee endotoxemia in human volunreers a high dose of rl l .-10 (25 ug/kg) increases serum 

levelss of IFN-y/ Recombinant II.-10 treatment also enhanced die release of the IFN-y 

dependentt chemokines IFN-y-inducible protein-10 and monokine induced by IhN-y in 

vim.vim. In addition, increased levels of soluble granzymes were measured after rIL-10 

treatment,, reflecting activation of cytotoxic T cells and natural killer cells.1 

Whetherr die stimulatory or inhibitory effect of rl l.-10 on IFN-y production may be 

predominantt in a chronic inflammatory disease such as Crohn's disease however is not 

known.. In the current study, we decided to assess cytokine production by lymphocytes 

andd monocytes separately, by using specific stimuli (that is, PHA which directly 

stimulatess Ivmphocvtes and LPS which stimulates monocytes). Our data showed 

increasedd formation of neopterin and IFN-y in response to high doses of rIL-10. This 

indicatess that in CACD and MCD, rIL-10 may stimulate IFN-y production thereby 

limitin gg its anti-inflammatory activities. This effect appears to be dose-dependent as low 

dosess of rIL-10 have no influence on neopterin/1FN-y values. Interestingly, our data 

fromm the MCD study indicate that IL-10 differently affects the two pro-inflammatory 

cytokiness TNF-a and IFN-y, as high doses of rIL-10 decrease LPS-induced TNI ' -a 

synthesiss whereas they enhance PHA-strmulated IFN-y synthesis. 'Ihis discrepancy 

betweenn TNF-a and IFN-y after rIL-10 treatment is probably a consequence of different 

effectss of IL-10 on the source cells for both cytokines. IFN-y is exclusively produced by 

Ivmphocvtess and natural killer cells, whereas TNF-a is produced by both monocytes and 

lymphocytes. . 

füevatedd levels of neopterin have been demonstrated in C D' but in our patient 

populationn baseline neopterin concentrations were similar to healthy controls. 'Ihis may 

bee due to concomitant anu-inflarnmatory treatment with steroids as all our patients 

studiedd in the CACD trial were treated with steroids and these agents can suppress 

neopterinn synthesis/' Neopterin is a pteridine derivate, which is produced by human 
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monocytes// macrophages in response to IFN-y.'' llii s effect is due to direct stimulation 

off  the key enzyme of the pteridinc pathway, G TP cyclohydrolasc I, by IFN-y. Thus, it is 

wel]]  established that elevated levels of neopterin reflect enhanced endogenous IFN-y 

activity.''' ' i l i i s has been demonstrated in many different disease states including bone 

marroww and solid organ transplantation, immune-mediated disorders, tumours and 

infectiouss diseases/'1K" ' 

Nitr i te/nitratee levels were not significantly changed over the observation period in 

thee CACD study. In contrast with neopterin, which is produced after stimulation of 

macrophagess by &  single cytokine such as IFN-Y , " ' Ü \ ' OS expression in macrophages or 

hepatocytess requires the combined treatment with IFN-y /TNF-a, 11,-1 and /or LPS to be 

fullyy induced. ~" Thus, increased serum concentrations of a single protein, such as 

IFN-y,, as might occur after therapeutic administration of high doses of rIL-10, stimulate 

neopterinn formation but are not sufficient enough to induce N O formation to an extent 

too alter serum nitrite /nitrate levels. This notion is also supported bv the observation that 

aa "cytokine storm", as occurs during G V H D or allograft rejection, is able to increase 

endogenouss N O formation as well as neopterin production while viral complications in 

thiss setting increase only neopterin but not N O levels.' Thus, neopterin is a more 

reliablee parameter to detect endogenous IFN-y activity than nitrite/nitrate. Nevertheless, 

itt would also appear reasonable that the lack of differences in nitrite/nitrate levels over 

thee observation period may be a consequence of die fact that all patients investigated in 

thiss study received corticosteroids, as corticosteroids can downregulate N O formation bv 

blockingg iNOS expression/' 

Vann Deventer rf a! demonstrated that rIF-10 administered as a daily intravenous 

boluss injection over one week was safe and well tolerated and this small study suggested 

clinicall  efficacy.2 In both the MCD and CACD study rIL-10 was also safe and showed 

somee clinical efficacy.' + Interesnngly, in die MCD study, the major effective dose was 

55 ug/kg body weight, a dose which did not induce IFN-y in our study.1 Whereas a 

tendencyy towards clinical improvement but not remission was observed in the 8 u.g/kg 

dosee group in die CACD study, a dose of 20 j ig/kg rIL-l( l was not associated with any-

clinicall  benefit in both the CACD and the MCD studies. Higher doses of rIL-10 were 

associatedd with systemic side effects such as fever, headache and malaise; this mav be 
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causedd by uprcgulation of 11'N-y and neoptenn production in vim, probably reflecting 

endogenouss formation of IFN-y by activated lymphocytes or natural killer cells. 

Inn conclusion, out data strongly indicate that rIL-10 at a high dose (20 fxg/kgj 

increasess production of IFN-y by peripheral blood lymphocytes. At this dose, no clinical 

efficacyy was observed in patients with active Crohn's disease, and side effects including 

feverr and headache were observed. This suggests that the use of systemically 

administeredd rIL-10 is limited bv its pro-inflammatory effects. This problem may be 

circumventedd by approaches that result in effective mucosal delivery without causing an 

increasee in systemic 11,-10 concentrations. 
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